Introduction {#s0005}
============

Obesity has been considered as an epidemic with over 10% of men and 14% of women in the world being obese. In Egypt, the 2008 Egypt Demographic and Health Survey was conducted by the Ministry of Health. It showed that around 22.5% and 46.3% of males and females are obese, respectively [@b0005].

The relationship between obesity and bone metabolism has been of major interest, controversies and debates [@b0010]. Classically, obesity was thought to be beneficial to bone by virtue of the mechanical effect of weight upon the bones. Heavier subjects tend to have higher bone mineral content and density [@b0010], [@b0015]. A metanalysis has shown that lower body mass index (BMI) is associated with increased fracture risk after bone mineral density (BMD) adjustments in women but not men [@b0020]. However, more recent studies have observed an increased fracture risk among obese subjects versus those with normal weight. The Global Longitudinal Study of Osteoporosis in Women (GLOW) has shown that obesity is not protective against fracture as it was linked with increased risk of ankle and upper leg fractures among postmenopausal women [@b0025]. A Spanish study has shown that the association between obesity and fractures are site-specific [@b0030]. In men, the Osteoporotic fractures in Men Study (MrOS) has shown that obesity is associated with increased risk of fractures after adjusting for BMD, although obese subjects had greater BMD than those with normal BMI [@b0035]. It is known that fractures in obese subjects are associated with greater morbidity and mortality due to greater risk of non-union, postoperative complications, presence of comorbidities, and slower rehabilitation [@b0040].

Sclerostin is a 190-amino acid secreted glycoprotein predominantly made by osteocytes. Sclerostin directly inhibits the Wnt pathway in osteoblasts. Therefore, it inhibits the differentiation of osteoblasts and reduces bone formation. In addition to its anti-anabolic action, sclerostin has an indirect activity in bone resorption by stimulating osteoclast differentiation in a RANKL-dependent manner [@b0045]. Moreover, sclerostin level in serum has been evaluated in many physiological and pathological conditions. More recently, monoclonal antibodies against sclerostin were studied as a possible treatment option for postmenopausal osteoporosis where the results phase III trial have found that romosozumab, sclerostin monoclonal antibody was associated with a lower risk of vertebral fracture [@b0050]. Serum sclerostin levels have been studied in different physiological and pathological conditions. It has been shown that sclerostin levels correlated with insulin resistance in prediabetes [@b0055]. Body weight had different effects on sclerostin levels [@b0060]. Moreover, there were contradictory results regarding the relationship between vitamin D status and sclerostin levels

Vitamin D role has extended beyond the classical action on calcium and phosphorus homeostasis to a possible role in obesity, insulin resistance and metabolic syndrome among others [@b0065]. It was confirmed in earlier studies that obese subjects have lower serum levels of 25-hydroxyvitamin D \[25(OH)D\]. Whether this is a cause or a consequence is yet uncertain. However, interventional studies have failed to show any advantage of vitamin D supplementation in terms of weight loss [@b0070]. In addition, vitamin D deficiency has been associated with insulin resistance [@b0075]. Higher basal levels of 25(OH)D have been found to predict better β-cell function and lower glycaemia in subjects at risk for type 2 diabetes [@b0080]. Possible explanations for this include the immunomodulator effects of vitamin D [@b0085] and direct effects on insulin sensitivity through the stimulation of expression of insulin receptors on target tissues and, through the activation of PPAR-δ as well as inhibiting the renin-angiotensin-aldosterone system [@b0090].

From previous studies, several parameters have been investigated to affect serum sclerostin levels which are obesity and insulin resistance which was shown to have a positive correlation [@b0055], and vitamin D level which was controversial and debatable. Therefore, we aimed to study the relationship between obesity, insulin resistance, vitamin D and sclerostin as a bone biomarker.

Subjects {#s0010}
========

This was cross sectional study on 75 subjects divided into three groups matched by age and gender according to their BMI; obese (BMI ≥ 30 kg/m^2^), overweight (BMI ≥ 25 and \<30 kg/m^2^) and normal BMI (BMI ≥ 18.5 and \<25 kg/m^2^) groups (n = 31, n = 23 and n = 21 respectively) according to the WHO [@b0095]. Obese subjects were enrolled from the obesity clinic at the Alexandria Main University Hospital. Enrolment started in June 2017 and ended in September 2017. Patients with renal, liver or cardiac disease, patients having thyroid dysfunction, diabetes mellitus, hypertension, recent fractures or prolonged immobilization together with those taking drugs affecting insulin resistance like metformin, and pioglitazone, corticosteroids and drugs affecting bone metabolism were excluded from the sample.

Materials and methods {#s0015}
=====================

Detailed history taking and thorough clinical examination were done for each participant including history of endocrine diseases, diabetes mellitus and diseases affecting bone metabolism and family history of obesity, metabolic syndrome and osteoporosis. Anthropometric measures were taken including weight, height, waist circumference and hip circumference, all according to the WHO protocols. BMI and waist-hip ratio (WHR) were calculated from them.

Serum calcium, phosphorus. Alkaline phosphatase and serum glucose were measured together with HDL-C, LDL-C, total cholesterol and total TG were measured. Serum levels of fasting insulin, sclerostin and 25(OH)D were measured by ELISA kits (USCN Life Science, Wuhan, China/Cloud-Clone, Houston, TX, USA). Insulin resistance was assessed using the homeostatic model assessment index for insulin resistance (HOMA-IR).

Statistical analysis {#s0020}
--------------------

All data were tabulated and entered into the SPSS version 22 program. For the comparison of the two groups, a *t*-test with unequal variance was used; for the comparison of multiple groups, one-way ANOVA was used, with Dunn\'s multiple comparisons for post-hoc analyses. Multivariate analysis was used for group comparisons. Correlations were analysed by extracting the Pearson coefficient. Tests were conducted at 5% significance level, i.e. p \< 0.05 was considered as significant.

Results {#s0025}
=======

Serum concentrations of sclerostin were demonstrated to be the lowest in the obese group, followed by the overweight group and then the control group (mean ± SD 1.02 ± 0.46 vs 1.31 ± 0.82 vs 1.58 ± 0.83 ng/dL, respectively; p = 0.048) ([Table 1](#t0005){ref-type="table"}, [Fig. 1](#f0005){ref-type="fig"}a and b).Table 1Comparison between the three groups regarding: age, gender, BMI, 25(OH)D, sclerostin, HOMA-IR, fasting lipid profile and ALP.NormalOverweightObeseTest of significanceSignificance p valueAge (years)28.67 ± 2.8932.65 ± 5.3635.06 ± 7.13F = 7.9460.001^\*^Females (%)61.9%65.2%74.2%χ^2^ = 0.9870.611BMI (kg/m^2^)22.93 ± 1.2127.56 ± 1.5139.05 ± 6.50F = 97.49\<0.001^\*^p~1~ = 0.001^\*^, p~2~ \< 0.001^\*^, p~3~ \< 0.001^\*^25(OH)D (ng/mL)17.65 ± 4.0712.55 ± 6.995.27 ± 5.14F = 32.83\<0.001^\*^p~1~ = 0.056, p~2~ \< 0.001^\*^, p~3~ = 0.001^\*^Sclerostin (ng/dL)1.58 ± 0.831.31 ± 0.821.02 ± 0.45F = 4.120.048^\*^p~1~ = 0.240, p~2~ = 0.014^\*^, p~3~ = 0.218HOMA-IR1.15 ± 0. 062.05 ± 0.213.55 ± 0.21F = 32.34\<0.001^\*^p~1~ \< 0.001^\*^, p~2~ \< 0.001^\*^, p~3~ \< 0.001^\*^TC (mg/dL)188.24 ± 5.40196.09 ± 6.01208.48 ± 12.19F = 33.42\<0.001^\*^p~1~ = 0.015^\*^, p~2~ \< 0.001^\*^, p~3~ \< 0.001^\*^TG (mg/dL)159.33 ± 14.37174.17 ± 17.28181.55 ± 19.26F = 10.26\<0.001^\*^p~1~ = 0.018^\*^, p~2~ \< 0.001^\*^, p~3~ = 0.385HDL-C (mg/dL)44.76 ± 2.8639.83 ± 3.5035.10 ± 3.38F = 54.77\<0.001^\*^p~1~ \< 0.001^\*^, p~2~ \< 0.001^\*^, p~3~ \< 0.001^\*^LDL-C (mg/dL)100.00 ± 10.59108.09 ± 13.71126.58 ± 13.68F = 29.42\<0.001^\*^p~1~ = 0.124, p~2~ \< 0.001^\*^, p~3~ \< 0.001^\*^ALP119.86 ± 3.89129.4 ± 7.34132 ± 5.23F = 25.7\<0.001^\*^p~1~ = 0.002^\*^, p~2~ \< 0.001^\*^, p~3~ \< 0.001^\*^Calcium9.1 ± 0.48.9 ± 0.38.8 ± 0.4F = 2.250.113p~1~ = 0.258 p~2~ = 0.037^\*^, p~3~ = 0.357Phosphorus3.9 ± 0.64.1 ± 0.54.0 ± 0.3F = 2.040.138p~1~ = 0.142, p~2=~0.836, p~3~ = 0.836[^1]Fig. 1(a and b). Comparison between the obese, overweight and the control groups as regards serum sclerostin concentration.

25(OH)D was measured to assess the vitamin D status. 25(OH)D serum levels were the lowest in the obese group (mean ± SD 5.27 ± 5.14 ng/mL) followed by the overweight group (mean ± SD 12.55 ± 6.99 ng/mL) and lastly the control group (mean ± SD 17.65 ± 4.07 ng/mL). The difference was statistically significant with p \< 0.001. Serum levels of 25(OH)D were significantly higher in males than females (13.83 ± 7.26 vs 9.62 ± 7.34 ng/mL, respectively); with p = 0.023). This difference was mainly driven by the difference between males and females in the obese group (10.28 ± 8.30 vs 3.52 ± 1.32 ng/mL respectively); and p = 0.009 ([Table 1](#t0005){ref-type="table"}, [Fig. 2](#f0010){ref-type="fig"}a and b).Fig. 2(a and b). Comparison between the obese, overweight and the control groups regarding 25(OH)D.

HOMA-IR was calculated from fasting serum insulin concentration and fasting serum glucose concentration. It was found that there was significant difference (p \< 0.001) between the three groups regarding insulin resistance, with the obese group having the highest mean followed by the overweight and then the control group (3.55 ± 0.21 vs 2.05 ± 0.21 vs 1.15 ± 0.06 respectively) ([Table 1](#t0005){ref-type="table"}). ALP was found to be significantly the highest in obese group followed by the overweight and then the control group (132 ± 5.23, 129.4 ± 7.34, 119.86 ± 3.89 respectively, with p \< 0.001) ([Table 1](#t0005){ref-type="table"}).

Regarding lipid profile, TC, TG and LDL-C were significantly the highest in the obese group followed by the overweight and then the control group, opposite to HDL-C as shown in ([Table 1](#t0005){ref-type="table"}).

Regarding the correlations between sclerostin and various parameters, sclerostin was found to have a significant negative correlation with BMI (r = −0.278, p = 0.016), a significant positive correlation with HOMA-IR as a measure of insulin resistance (r = 0.280, p = 0.015) and a significant positive correlation between sclerostin and 25(OH)D (r = 0.240, p = 0.038) ([Fig. 3](#f0015){ref-type="fig"}a-c). BMI was shown to have a significant negative correlation with serum concentration of 25(OH)D (r = −0.691, p \< 0.001) ([Fig. 4](#f0020){ref-type="fig"}a) and a significant positive correlation with HOMA-IR as a measure of insulin resistance (r = 0.545, p \< 0.001) ([Fig. 4](#f0020){ref-type="fig"}b). Moreover, it has been shown that there was a significant negative correlation between 25(OH)D and HOMA-IR as a measure of insulin resistance (r = −0.473, p \< 0.001) ([Fig. 5](#f0025){ref-type="fig"}).Fig. 3Correlations between sclerostin and a) BMI; b) 25(OH)D; c) HOMA-IR.Fig. 4Correlations between BMI and a) 25(OH)D; b) HOMA-IR.Fig. 5Correlation between 25(OH)D and HOMA-IR.

Discussion {#s0030}
==========

The current study is a cross sectional study which attempted to investigate the relationship between obesity, insulin resistance, vitamin D and bone metabolism through the link of the recently discovered bone biomarker sclerostin.

The current study has showed that sclerostin was significantly decreased in the obese group versus both the overweight and the control groups. Previous studies comparing sclerostin in obese versus normal subjects have shown contradictory results. Grethen et al. [@b0060] studied the difference in sclerostin level between 20 obese women before undergoing bariatric surgery and 20 control women matched for race and age. They found no significant difference between sclerostin level among the two groups. However, bariatric surgery and its associated weight loss has led to a rapid and sustained increase in serum sclerostin levels which peaked at six months (+135%; p \< 0.001) and remained elevated above baseline 24 months after surgery. This resulted in BMD loss at all skeletal sites [@b0100]. In another study, weight loss with diet alone was associated with a significant increase in sclerostin level and was associated with deterioration in hip geometry parameters. Hip is an important weight bearing skeletal site. The increase in sclerostin and the deterioration in hip geometry were attenuated by the addition of an exercise program [@b0105]. Serum sclerostin concentration was significantly higher in osteopenic-osteoporotic obese group compared to the obese-only group [@b0110]. Sclerostin was found to be higher in subjects with metabolic syndrome, its level increases significantly with increasing number of metabolic syndrome components. There was significant positive correlation between sclerostin level and waist circumference. However, this correlation lost its significance after correction for the whole body bone mineral content [@b0115].

Under normal physiological circumstances, mechanical loading has been shown to play a major role in attaining bone mass, bone strength, and bone size [@b0120]. Results from the Framingham osteoporosis study, a subset of the Framingham study cohort, showed the strong effect of weight on BMD, suggesting that this effect is due to mechanical loading on weight bearing axes [@b0125].Obesity was thought to be protective against postmenopausal osteoporosis as obese women had higher BMD [@b0130]. However, more recent studies have shown that increasing fat mass may not have a beneficial effect on bone mass [@b0135]. Therefore, it may be postulated that the reason for the lower levels of serum sclerostin may be the effect of mechanical loading by the excess weight on bones, so osteocytes reduce their expression of sclerostin.

The present study shows that sclerostin positively correlated with insulin resistance (r = 0.280, p = 0.015). This agrees with a previous study where sclerostin levels were higher in subjects with impaired glucose regulation and positively correlated with HOMA-IR (r = 0.62, p \< 0.001) [@b0055]. Moreover, circulating sclerostin is increased in T2DM independently of gender and age, and it is also correlated with duration of T2DM, glycated haemoglobin, bone turnover markers, and BMD in T2DM patients [@b0140]. Serum sclerostin was elevated in patients with both T1DM and T2DM [@b0140], [@b0145], [@b0150]. It was previously mentioned that sclerostin was found to be higher in subjects with metabolic syndrome. The correlation between WC and sclerostin lost its significance after correction for BMC, suggesting that it was driven by the high BMC in obese subjects as they tend to have bigger bone [@b0115]. On the other hand, the correlation between glycemia and TG with sclerostin persisted even after correction for BMC. This could propose a metabolic role for sclerostin apart from its role in bone physiology [@b0115].

The pathophysiologic mechanisms relating sclerostin to glucose metabolism are still under investigations. Sclerostin has been associated with several inflammatory and metabolic conditions suggesting that sclerostin is not only a regulator of bone mass and its elevation in metabolic syndrome is not only an artefact. It is proven that TNF-α stimulated the release of sclerostin [@b0155]. Insulin resistance is a state of low grade inflammation with slightly elevated inflammatory markers [@b0160], [@b0165].

Regarding the relationship between vitamin D and sclerostin, the current study has shown a significant weak positive correlation between vitamin D and sclerostin (r = 0.240, p \< 0.038). There were contradictory results in the literature regarding the relationship between sclerostin and vitamin D. In one study, treatment of human primary osteoblasts, including cells differentiated to an osteocyte-like stage, with 1,25 vitamin D resulted in the dose-dependent increased expression of SOST mRNA which may in turn increase the secretion of sclerostin [@b0170]. In another study on patients with idiopathic hypercalciuria, there was a positive correlation between sclerostin expression by osteocytes and serum 1,25D levels [@b0175]. However; some studies reported different results. There was a decrease in serum sclerostin level after vitamin D3 treatment of vitamin D deficient young females [@b0180]. These results were repeatedly confirmed by another study that studied both males and females [@b0185]. The reason behind these differences may be that our study is observational without intervention and that our random small sample included subjects with vitamin D deficiency. It may be hypothesized that an interventional study trying to correct vitamin D levels may alter serum sclerostin levels in our sample.

The current study revealed that serum level of 25(OH)D correlated negatively with HOMA-IR (r = −0.692, p \< 0.001); i.e. insulin resistance significantly increased as vitamin D level decreased. This agreed with the results of Liu et al. [@b0190]. A recent study which examined standardized 25(OH)D data from the National Health and Nutrition Examination Survey (NHANES) found that low vitamin D status is a risk factor for cardiometabolic disease and insulin resistance [@b0195]. Chiu [@b0200] also found a positive correlation of 25(OH)D concentration with insulin sensitivity and a negative effect of hypovitaminosis D on β cell function. It was also reported that there is a significant inverse association between serum 25(OH)D and risk of T2DM [@b0205].

Mechanisms relating vitamin D deficiency and insulin resistance are not fully elucidated. It was proven that pancreatic β-cells have vitamin D receptors on their surfaces suggesting that the active metabolite 1-α-25-dihydroxyvitamin D3 (1,25(OH)2D3) could directly influence insulin secretion [@b0195]. Moreover, vitamin D deficiency promotes secondary hyperparathyroidism, stimulates the RAAS, which in turn increases the secretion of aldosterone [@b0210]. Previous epidemiological studies showed plasma intact parathyroid hormone level is inversely correlated with insulin sensitivity [@b0215]. It was also found that there is an increased risk of metabolic syndrome with elevated PTH levels in older men [@b0220]. Elevated PTH could possibly affect insulin sensitivity by regulating the intracellular free calcium concentrations in target cells [@b0190]. Vitamin D may play a role in insulin action by stimulating the expression of insulin receptor and thereby enhancing insulin responsiveness for glucose transport target cells [@b0225].

To conclude, this study has highlighted the relationship between sclerostin and various metabolic parameters, confirming the direct link between bone and obesity and opening the gate for future research in this field. Sclerostin studies were introduced recently and have shown that sclerostin is a negative regulator of bone metabolism. Up to the best of our knowledge our study was the first study in medical literature to link obesity, insulin resistance and 25(OH)D to serum sclerostin in one study. Furthermore, sclerostin monoclonal antibody, romosozumab, has been recently approved by FDA in April 2019 as therapy of osteoporosis. DObesity is suggested to be a new terminology in medical literature to highlight the complex relationship between obesity and vitamin D and the cross talk between adiposity and bone metabolism via the novel bone biomarker sclerostin.
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[^1]: F,p: F and p values for ANOVA test, significance between groups was done using Post Hoc Test (LSD); 2 and p values for Chi square test for comparing between the three groups; p~1~: p value for comparing between controls and overweight subjects. p~2~: p value for comparing between controls and obese subjects. p~3~: p value for comparing between overweight and obese subjects. \*: Statistically significant at p ≤ 0.0525(OH)D: 25-hydroxyvitamin D, ALP: alkaline phosphatase, BMI: body mass index, HOMA-IR: homeostatic model assessment of insulin resistance, HDL-C: high-density lipoprotein cholesterol, TG: total cholesterol, TG: Total triglycerides, LDL-C: low-density lipoprotein cholesterol.
